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1 Fip.ld of the Invention 

This invention is related to integrated circuit components and, more particularly, 

5 to supplying integrated circuit components with power. 

2 TWri ption o f the Related Art 

Over time, the magnitude of the supply voltage for vanous tn.egra.ed circute has 
been reduced. Where 5 vol.s and even higher was once a common vohage magnitude, 
,0 more recen, integrated circuits have specrfied supply voltage nragmrudes in the range of 
, .5 VOLS. In the future, me magnitude of the voltage is expec.ed «o decrease even further. 

At the same time, .he number of transistors included in the tntegrated circute has 
contoured «o tncrease, and me power rcqu.rements of me in.egra.ed create have 
continued .o grow. For example, modem processor products often consume 50-10 wafts 
of power. If a supply voUage of 1.5 vote is presumed, .he curren. quired .o supply 50- 
100 wafts of power is on the order of 30-60 amps. Future processor generattons are 
expected to grow the power consumption as well, requinng in excess of 100 amps of 
current at the expected supply voltage magnitudes. 

K4, currents such as those now being experienced and .hose expected in .he 
future are problematic First, the in.eg.a.ed ctrcutts are typically packaged in a dev.ce 
bavtng pins for connecting the integrated circuits to a circuit board such as the mother 
board of a computer. The pins are relatively small in cross section, and thus .he curren. 
,ba. the pin can sink or source without damage is .United. In many current integrated 
circuits, as much as 2/3 of the package pins are dedicated to power and ground 
connections. To support htgb currents, even mote of the package pins would have .0 be 
dedicated .o power and ground connections, limiting the number of pins available for 
signal connections. Second, managtng such high currents on the mo.her board ,s 
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problematic, especially for the less expensive motherboard designs typically used in, for 
example, personal computers. 

One attempt to address the high current issues is implemented in the Itanium 2 
5 processor product manufactured by Intel Corp. (Santa Clara, California). The Itanium 2 
processor product includes an integrated circuit implementing the processor, attached to a 
printed circuit board. The printed circuit board also includes voltage regulation circuitry 
that receives a relatively high voltage input to the board (e.g. 12 volts), and reduces the 
voltage magnitude to the supply voltage used by the processor (e.g. 1.5 volts). The input 

10 to the board may be from a power pod module coupled to the board with a flexible 
connector. Power pod modules may be available from, e.g., Tyco Electronics, Inc., 
Celestica Power Systems, or Delta Electronics, Inc. The higher voltage input to the board 
may permit the current input to the board to be lower than the current input to the 
processor (since power is the product of voltage and current). However, this solution may 

15 be costly, since components to perform voltage regulation/power conversion with a 
physical size that is appropriate for the board may be expensive. Additionally, the 
processor manufacturer must become involved in board manufacturing, voltage regulator 
component stocking, managing lead time for the components of the voltage regulator, etc. 

20 Another attempt to address the high current issues, implemented by Incep 

Technologies, Inc. (San Diego, CA), includes the voltage regulation module above the 
integrated circuit, between the heat sink and the integrated circuit. This approach also 
may be costly, as the components used to form the voltage regulation module must be 
small so as to fit between the heat sink and the integrated circuit. Furthermore, the 

25 current limits of such small components may limit the applicability of this solution in 
future products. 
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m „„e embodimem, a component composes one or more integrated circuits and a 
component package to wh.ch the one or more integral circuits are coupied. The 
3 component package has a hortom comprising a p.uraU.y of conductors for proving 
Slg „, connection to the one or mo« in.eg.ated circuits, a top .„ which the oneor more 
,„Ued cireuits are coupfed, and a plurality of sides. At leas, one of sides mcludes r 
,eas, one power pad for providrng a power suppiy voltage to the one or mom mtegrated 
circuit, At least one of the plurahty of sides includes a. leas, one ground pad for 
,0 providing a ground to .he one or more in.egra.ed circuit In another emhodimen, an 
pparams comprises .he ahove eomponen. and a crcui, hoard. The oircu.. hoard . 
clnfigumd ,0 he placed over a top of the eomponen,, and includes a bottom srde .ha, 
feces me eomponen, during use. The hotrom side of me second circu.t h.ard composes a 
firs , phrrahty of conducive pads ,0 he elecUicauy coupled ,0 ,he power and ground pads 
,5 on me component ,o supply power and ground connection to me eomponen,. 

In ye, another embodimen,, an apparatus for supplying power and ground 
connection ,0 a component ma, is ,o he coup,ed ,0 a firs, cimu,, hoard during use ,s 
con,emp.a,ed. The first cimui, hoard includes conductors for s.gna, —cation wm 

use, whemin ,he power suppiy modu,e is aoanged ,o a side of ,he component dunng u e. 
Th e apparatus comprises a second circui, hoard and a, .east one connector. The second 
cficuu hoard is configured to he placed over a top of the eomponen,, wherein s.gnal 
connection between the firs, circu,, hoard and the component is made with a bo«om of 
25 ,he component. The second circuit board inciudes a bottom side ,ha, faces the eomponen, 
during use. The bottom side of the second circui. hoard composes a firs, plurahty of 
conductive pads to be e.ectiically coupled ,o a corresponding second p.urahty of 
conductive pads on .he component. The second p,urality of conductive pads supply 
power and ground connection ,o me eomponen, duong use. The second circuit board 



inCudes a portion that ex.ends beyond a first edge of the componen., .he firs, edge berng 
neares. .he power supply module. The connector is coupled to the portion of the second 
drcui, boaxd .hat extends beyond the firs, edge of the component, and is configured to 
couple to the power supply module during use. 

Other embodiments of an apparatus may compnse a component that is to be 
coupled to a firs, circuit board dunng use, a power supply module, and a second circur. 
board The firs, circuit board includes conductors for sigual communication with the 
component. The power supply module is to be coupled to the firs, circuit board dunng 
„ use, wherein the power supply module is arranged to a side of the component dunng use. 
The second circutt board is configured to be placed over a top of the component, wherem 
signal connection between the first ckcuit board and the component is made w,th a 
bottom of the component. The second circuit board includes a bottom side that faces the 
component during use, and the bottom side of the second circuit board comprises a firs. 
„ plurality of conducive pads ,0 be electrically coupled to a conesponding second plummy 
of conductive pads on the component. The second plurality of conductive pads supply 
power and ground connection to the component during use. The portion of the second 
circuit board and the power supply module are coupled, during use. 
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fa still other embodiments, an apparatus comprises a component that is to be 
coupled to a Dm circuit board during use, a power supply module, and a second cremt 
board The firs, circuit board includes conductors for signal communication wdh the 
component, and the signals mclude a firs, one or more signals identifying, dunng use, a 
magnitude of a power supply voUage ,0 be supplied ,0 the componen, dunng use. The 
power supply module is to be coupled to the firs, crcui, board during use, and is coupled 
t „ receive the firs, one or more signals .hrongh the first circuit board and configured to 
,enera,e the magnitude of the power supply voltage. The second circuit board ,s 
configured to be placed over a top of ,he componen,, wherein s.gnal connection between 
th = firs, circu,, board and ,he componen, is made with a bo„om of ,he componen,. The 
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second circuit board includes a bottom side that faces .be conrponent dunng use, and be 
bottom side of .he second circur. board comprises a firs, plurality of conducive pa s to 
be electrical!, coupled ,o a corcesponding second p.urality of conduce pads on .he 
component. The second plurality of conductive pads supply power and ground 
connection to the componen. during use. The second circuit board and .he power supply 
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module are coupled, during use 



The following detailed description makes reference to the accompanying 
drawings, which are now briefly described. 

Fig. 1 is a block diagram of a portion of one embodiment of an electronic system. 

Fig. 2 is a top view of one embodiment of a power board shown in Fig. 1. 

Fig. 3 is a bottom view of one embodiment of a power board shown in Fig. 1. 

Fig. 4 is a top view of one embodiment of a component shown in Fig. 1. 

Fig. 5 is a side view of one embodiment of the power board shown in Fig. 1 . 

Fig. 6 is a block diagram of one embodiment of a first power supply layer of one 
embodiment of the power board shown in Fig. 1. 

Fig. 7 is a block diagram of one embodiment of a second power supply layer of 
embodiment of the power board shown in Fig. 1. 
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Fig. 8 is a top view of one embodiment of .he componen, shown in Fig. 1 hav.ng 
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side pads for power and ground instead of top pads. 

Fig. 9 is a side view of one embodiment of the component, illustrating the side 

pads. 

5 

Fig. 10 is a block of one embodiment of the power board and the component 
having side pads, illustrating connection between the power board and the component and 
within the component. 

10 Fig. 1 1 is a top view of one embodiment of a power or ground plane within the 

component package. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and will 
15 herein be described in detail. It should be understood, however, that the drawings and 
detailed description thereto are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 

20 

DETAILED DESCRIPTION OF EMBODIMENTS 

Turning now to Fig. 1, a block diagram illustrating a portion of one embodiment 
of an electronic system is shown. In the illustrated embodiment, the electronic system 
25 may include a first circuit board (labeled motherboard) 10, a socket 12, a component 14 
(comprising one or more integrated circuits such as integrated circuit 14A and a 
component package 14B in the illustrated embodiment), a power board 16, spring 
connectors 18, a heat sink 20, a fan 22, a connector 24 on the power board 16, a 
corresponding connector 26 on a voltage regulation module (VRM) 28, and standoffs 30 
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and 32. 



In some embodiments, the electronic system may be a computer system such as a 
personal computer (PC) or a server computer system. A computer system will be used at 

5 various points herein as an example, and a processor may be used as an example of the 
component 14. However, any electronic system that employs circuit boards and 
components attached thereto may be used in other examples and embodiments. As used 
herein, a circuit board may include any structure of alternating layers of conductors and 
insulating material used to couple various components and other electrical devices 

10 together. The insulating material layers may include vias to connect conductors in 

adjoining layers above and below the insulating material layers. For example, a printed 
circuit board may be an exemplary circuit board. In the illustrated embodiment, each of 
the motherboard 10 and the power board 16 may be examples of circuit boards. A 
component may comprise any combination of one or more integrated circuits and a 

15 package used to provide electrical interface between the integrated circuit(s) and other 
components, circuit boards, etc. For simplicity herein, a component may at some points 
be discussed as including one integrated circuit. However, in general, more than one 
integrated circuit may be included in the component. 



20 The component packet 14B may include a plurality of pins 14C that are used to 

connect the component 14 to a circuit board such as the motherboard 10 (e.g. through the 
socket 12, in the illustrated embodiment). Generally, the pins 14C may comprise any 
conductors for providing electrical connectivity between the component 14 and a circuit 
board. The pins 14C may be any of a variety of constructions, such as pin grid arrays 

25 (PGAs), ball grid arrays (BGAs), etc. The pins 14C may be used to provide signal 

connection to the component 14 (that is, communicative signals such as input, output, and 
input/output signals as opposed to power and ground connections). Thus, signal 
connection may be provided through the bottom side of the component 14 (the side 
nearest the motherboard 10). For example, various conductors 34 in the motherboard 10 
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m ay be electrically coupled to vanous pins 14C for communication with other 
components/devices. The package 14B may tether comprise any elecrrtcal 
^connection between the pins 14C and the integrated ctrcui, 14A. For example, tn 
some embodiments, the packet 14B may comprise a circuit board providmg the eiectncal 
interconnection and also including power and grcund planes for supplying power supply 
vo.tage and ground to the integrated circuit 14A. In some embodiments, the package 14B 
may comprise an organ.c package, and in some other embodiments the package 14B may 
compnse a ceramic package, m other embodiments, the package 14B may compnse 
discrete conductors between each pin and the integrated circuit 14A. 

On the other hand, power and ground connection may be made through the power 
board 16 to the top side of the component 14 (that is, the side of the component 14 
opposite the side of the component .4 that faces the motherboard 10), in the illustrated 
embodiment. More particu,arly, the power and ground connection may be made through 
5 the power boaxd 16 «o the top side of the component package 14B, in the illustrated 
embodiment. 

The power board 16 may be positioned above the component 14 (e.g., between the 
component 14 and the hea, stnk 20, as shown in Fig. 1) and may be coupled to the VRM 
,0 28 through the connectors 24 and 26. The VRM 28 may supply the voltage magmtude 
and cutren. moments of the component 14 ,0 the power board 16, which may convey 
the voltage/current to the top of the component 14 (e.g. through the spring connectors 
in the illustrated embodiment). 

By supplying power and ground connection to the top of the component 14, the 
pins 14C may be dedicated to providing signa. interconnection, in some emoluments. 
The pins 14C may not be requtred to source or sink large currents associated w,.h the 
power and ground connections, in some embodiments, but rather the typicaHy smal.er 
signal currents. 
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In some embodiments, the component 14 may output one or more signals 
identifying the voltage magnitude required by the component 14. These voltage 
identification (VID) signals may be routed through pins 14C, the motherboard 10 (e.g. 
5 conductors 36 in Fig. 1), to the VRM 28. In one embodiment in which the component 14 
is a processor, for example, there may be 5 VID signals. The VRM 28 may generate the 
voltage of the desired magnitude for transmission through the power board 16 to the 
component 14. In some embodiments, the VRM 28 may also measure the voltage 
actually received by the component 14 using a pair of remote voltage sense (RVS) lines, 

10 and may use the measured voltage as feedback for generating the voltage by the VRM 28, 
to ensure that the voltage magnitude actually received by the component 14 (taking into 
account an I 2 R losses in the connectors 24 and 26, the power board 16, and the connectors 
18) is the voltage indicated on the VTD signals (or a close approximation thereof). The 
RVS lines may also be routed through the motherboard 10 from to the VRM 28. By 

15 routing signals communicating between the component 14 and the VRM 28 through the 
motherboard 10, only power and ground pads need be provided on the top of the 
component 14 (and on the power board 16) which may maximize the number of power 
and ground pads (and thus the amount of current that may be supplied to the component 
14). Additionally, the power board 16 may be relatively simple, since it delivers power 

20 and ground to the component 14 and does not route signals between the component 14 
and the VRM 28. 

The power board 16 may extend horizontally beyond an edge of the component 
package 14B to make connection with the VRM 28. For example, in the orientation 
25 shown in Fig. 1, the power board 16 extends to the right beyond the right edge of the 

component package 14B to make contact with the VRM 28. In this fashion, the VRM 28 
may be arranged to a side of the component 14 (other than the top or bottom side) and 
thus may be relatively independent of the component assembly. Standard VRMs 28 may 
be used, such as the VRMs available from Hewlett Packard (Palo Alto, CA), Delta 
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Electronics, Inc. (Taiwan), etc. Furthermore, since the VRM 28 is separate from the 
component assembly, more freedom in the selection of circuitry on the VRM may be 
enjoyed. For example, inexpensive (often relatively large) devices may be selected to 
form the VRM 28. Additionally, components capable of high currents may be selectable 
5 without much regard to the size of the components. 

Viewed in another way, there may be an area defined on the surface of the 
motherboard 10 (referred to as the "keep out" area) which at least matches the footprint of 
the heat sink on the motherboard 10. That is, if the keep out area were extended 
10 vertically, the resulting volume would encompass the heat sink. The VRM 28 may be 
arranged outside of the keep out area, and the power board 16 may extend out of the keep 
out area. In one embodiment, the connector 24 may be affixed to the power board 16 on 
the portion of the power board 16 that extends beyond the edge of the component 14 
and/or out of the keep out area. 

15 

While the VRM 28 is shown to the right of the component 14 in the illustrated 
embodiment, the VRM 28 may be arranged to any side of the component 14 in various 
embodiments other than the top or bottom side. 

20 The VRM 28 may be coupled to receive input power from the motherboard 10 in 

the form of a higher voltage magnitude and lower current magnitude than those required 
by the component 14. Thus, the motherboard 10 need not be designed to handle the 
relatively high currents that supply the component 14. In some embodiments, existing 
motherboard technologies may be used. For example, in PC systems, the motherboard 10 

25 may typically comprise 4 layers for providing both power and ground and signal 
interconnect. Since high currents need not be supported in the motherboard 10, the 
existing technology may be used, in some embodiments. Furthermore, if current 
requirements change for future versions of the component 14, the motherboard 10 need 
not be changed. A new VRM 28 and/or power board 16 may be installed, if necessary. 

10 



h the illustrated embodiment, the spring connectors 18 may be used to make 
electrical connection between the component packet 14B and the power board 16. The 
spring connectors 18, when no. compressed between the power board 16 and the 
component package 14B, may extend a distance that exceeds Che distance between the 
power board 16 and the component packet 14B. The compression of the sprtng 
connectors 18 between the power board 16 and the componenl package 14B may provtde 
a high qnaliry electrical connection. In one embodtment, the spring connectors 18 may be 
affixed (e.g. soldered) to the power board 16 and may be compressed agams, the 
component package 14B. In another embodiment, the spring connectors 18 may be 
affixed ,0 the component packet 14B and may be compressed agams. the power board .6. 
The power board 16 may comprise a plurality of conductive pads, and .he component 
package 14B may comprise a corresponding plurality of conductive pads (shown tn Ftgs. 
3 and 4, respectively). The spring connectors 18 may comprise a connector, for each of 
the conductive pads on the power boards 16, that extends between that conductive pad 
and .he cotresponding conductive pad on the component package 14B. In ye. other 
embodiments, .he power board ,6 and .he componen. 14 may be electrically coupled ,n 
other ways (e.g. solder connections may be made). 

In the illustrated embodiment, the spnng connectors 18 may have an "elbow" in 
.he connector that can be compressed to make the connection. Other embodiments may 
include vertical springs, or any other compressible connector. In one tmplementahon, the 
spring connectors 18 may be se,ec.ed from vanous connectors avatiable from Molex, Inc. 
(e.g. part number 49Z0000006). 

For good thermal conduction from the integrated ctrcuit 14A .0 the head sink 20, 
is desirable for the heat stnk 20 to physically contact the integrated circuit 14A 
(although a thermal adhesive or ge, may be used). Thus, the power board .6 may have a, 
opentng formed .herein .o permit passage of a protrusion on the hea, sink through the 
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opening to make contact with the integrated circuit 14A. 

As mentioned above, in the illustrated embodiment, the spring connectors 18 may 
be compressed to make electrical connection between the power board 16 and the 
5 component 14. The weigh, of the heat sink 20 may be used to supply some of the 

compression force. To concentrate the force, standoffs 20 may be apphed to the power 
board 30 The hea, s.nk 20, when in place, may res, on the standoffs 30. The standoffs 
30 may be arranged vertically above the sprtng connectors 18, so that the weight of the 
beat sink 20 may apply compresstve force to the spring connectors 18. The exact position 
,0 of the standoffs 30 relative to the spring connectors 18 may vary due ,0 manufactunng 
vanations in placement of the standoffs 30. Additionally, the standoffs 30 may be wtder, 
in some embodiments, than the spring connectors 18. However, the nonunal placement 
of the standoffs 30 may be such that at .east a portion of the standoffs 30 are vertically 
aHgned to the spring connectors 18. The standoffs 30 may be formed of any substanttaUy 
15 resilient material, For example, in one embodtment, the standoffs 30 may contam 
ra bber The standoffs 30 may be fotmed from bulk rubber, or may comprise a rubber- 
based epoxy or other caulk-hke matenal that may be applied to the power board 16. A 
standoff 32 may also be used to provide support for the power board 16, as shown m Ftg. 
1 . In other embodiments, the standoff 32 may be eliminated. 

The connectors 24 and 26 may be any suitable connector that may support the 
current requirements of the component 14. For example, in one implementation, the 
connectors 24 and 26 may be the 2 millimeter quad row shou.der connectors avadable 
from Samtec, Inc. (New Albany, IN) in the TMMS series (e.g. part number TMMS 12-01- 
25 T-Q) While the connectors 24 and 26 make a horizontal connection in the illustrated 
embodiment, in other embodiments the connectors 24 and 26 may make a verttcal 
connection (i.e. one of the connectors 24 or 26 may be substantially above .be other when 
connected). The connector 24 may be attached ,0 either the top side of the power board 
16 (as shown in Fig. 1) or the bottom side, in various embodtment, In sttll other 
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embodiments, the VRM 28 may be integrated onto the power board 16 (on the portion 
that extends beyond the edge of the component 14 or that is outside of the keep out area 
of the heat sink 20). In such an embodiment, the power board 16/VRM 28 combination 
may include a connector to the motherboard 10 to supply power to the VRM 28. One or 
5 more connectors 24 (and corresponding connectors 26) may be used in various 
embodiments. 

The socket 12 is coupled to the motherboard 10. For example, the socket 12 may 
be soldered to the motherboard 10, or otherwise affixed to the motherboard 10 in an 
essentially permanent fashion. The socket 12 may be provided to permit coupling of the 
component 14 to the motherboard 10 in a fashion that permits relatively easy insertion 
and removable. For example, the socket 12 may be a zero insertion force (ZEF) socket of 
any of a variety of designs. Alternatively, the socket 12 may employ constant frictional 
force to hold a component 14 in place, in which case the component 14 may be pushed 
into the socket 12 with enough force to cause the component 14 to slide into the socket. 
In yet other embodiments, the socket 12 may be eliminated and the component 14 may be 
affixed to the motherboard (e.g. soldered or otherwise affixed in an essentially permanent 
fashion). 

20 It is noted that, while the VRM 28 is shown in a vertical arrangement in Fig. 1, the 

VRM 28 may be horizontal in other embodiments, as desired. It is further noted that Fig. 
1 is not intended to be viewed as "to scale". The relative sizes of various elements in Fig. 
1 have been skewed to provide clarity and simplicity in the drawings. Similarly, the 
remaining figures should not be viewed as "to scale" either. 

25 

A voltage regulation module (VRM) 28 is shown in the embodiment of Fig. 1. 
However, generally any power supply module may be used in place of the VRM 28. A 
power supply module may comprise any device coupled to receive input power (a source 
voltage and current) and configured to output power at a desired voltage magnitude. 

13 
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It is noted that the terms "bottom" and "top" have been used with regard to the 
component 14. These terms may be used in a relative sense with regard to the illustration 
in Rg 1 Particularly, "bottom" and "top" may be relative to the motherboard 10. For 
example, the bottom of the component 14 may be the side that is nearest the motherboard 
10 (or that faces the motherboard 10) or other circuit board that provides signal 
communication to the component 14. The top of the component 14 may be the oppostte 
side of the component 14 than the bottom side. The motherboard 10 itself may, when 
installed in a housing such as a computer case, be onented horizontally, vertically, wtth 
the component 14 upside down, etc., in vanous embodiments. The bottom and top of the 
power board 16 may have a similar interpretation. 

It is noted that, in some embodiments of the power board 16 having more than one 
connector 24, the connectors may be arranged on various sides of the component 14, 
outside of the heat sink keep out area. Any connectors that are not on the same side of 
the component 14 as the VRM 28 may be coupled to the VRM 28 with an electrical 
conductor (e.g. a ribbon cable capable of carrying the current that is to pass through the 
connector). 

Turning next to Figs. 2 and 3, top and bottom views of one embodiment of the 
power board 16 are shown. Fig. 2 is the top view, and Rg. 3 is the bottom view. 

A pair of connectors 24A-24B are shown attached to the top of the power board 
16. In the illustrated embodiment, each connector 24A-24B may compnse four rows of 
i 12 pins. Half of the pins may carry power supply voltage (referred to as Vcore, herein), 
and the other half of the pins may carry ground (or V ss ). For example, in one 
implementation, the outside half of the pins (e.g. the 6 pins in each row that are nearest 
the outside edges of the power board 16) may carry V Core , and the remaining interior pins 
may carry ground. The top side of the power board 16 may carry one of the voltages, and 
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the bottom side may carry the other. Either voltage may be carried on either side, in 
various embodiments. For the remainder of this embodiment, V Co re will be presumed to 
be carried on the top side of the power board 16 and ground on the bottom side of the 
power board 16. Thus, the pins of the connectors 24A-24B the carry V Cor e may be 
connected to top side of the power board 16 and the remaining pins may pass through the 
power board 16 to connect to the bottom side of the power board 16. 

Additionally, the opening 40 to permit passage of the protrusion of the heat sink 
20 is shown in Fig. 2. A dotted box 42 illustrates the outline of the component 14 when 
the power board 16 is in place above the component 14. The dotted box 42 is shown 
merely for illustrative purposes, and does not represent any physical structure on the 
power board 16. Additionally, in some embodiments, a set of holes 44 may be provided 
to permit passage of bolts or other fasteners that may be inserted through the heat sink 20 
and pass through the motherboard 10 to attach the heat sink 20 to the motherboard 10. 

As Fig. 2 illustrates for this embodiment, the top side of the power board 16 does 
not include any circuitry in the area that the heat sink 20 will cover (since the connectors 
24A-24B are arranged outside the area covered by the heat sink 20). Thus, the power 
board 16 may be relatively resistant to damage when the heat sink 20 is installed. 

Fig. 3 includes solder connections 46 for the pins of the connectors 24A-24B that 
supply the ground voltage (i.e. the interior pins, in the illustrated embodiment). Other 
pins and the connectors 24A-24B themselves, being on the top side of the power board 
16, are shown in dotted form for reference. The dotted box 42 is also shown in Fig. 3 for 
reference. 

A plurality of conductive pads 48 are arranged inside the dotted box 42, to be 
aligned to corresponding pads on the component 14 during use. In the illustrated 
embodiment, the conductive pads 48 are arranged around the entire perimeter of the 



15 



dotted box 42. In other embodiments, additional conductive pads 48 may be provided at 
various points around the interior of the dotted box 42, as desired. For example, in one 
particular embodiment, 17 pads may be provided along each edge of the component 14. 
The conductive pads may be of any desired conductive material. For example, copper or 
a copper/beryllium alloy is commonly used in conductive pads. The plurality of 
conductive pads 48 (and the corresponding conductive pads on the component 14) may 
have any size, spacing, pitch, etc. as desired and to conform to any requirements of the 
connector to be used between the two. For example, a pitch of 1-2 millimeters (mm) may 
be typical currently (e.g. 1.27 mm or 1 mm, or even less than 1 mm). 

One half of the conductive pads 48 may be used to make Vc ore connections to the 
component 14 (power pads), and the other half of the conductive pads 48 may be used to 
make ground connections (ground pads). In one embodiment, adjacent conductive pads 
48 along one edge may alternate between power pads and ground pads. That is, a first 
conductive pad may be assigned to be a power pad, the next adjacent conductive pad may 
be a ground pad, the next adjacent conductive pad to the ground pad may be another 
power pad, etc. Conductive pads may be more succinctly referred to herein as "pads". 

Those pads 48 that supply the V Co re voltage may be connected, through vias in the 
power board 16 (not shown), to the top of the power board 16, and may be insulated from 
the bottom of the power board 16. Pads 48 that supply the ground may be connected to 
the bottom of the power board 16. 

In some embodiments, bypass capacitors and/or terminating resistors may be 
provided on the bottom side of the power board 16 (e.g. reference numerals 50 and 52). 
For example, 1 microfarad bypass capacitors 50 may be arranged around the outside of 
the dotted box 42 and 10 microfarad bypass capacitors 52 may be arranged around the 
inside of the conductive pads 48. 
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Fig. 4 is a top view of one embodiment of the component 14. The integrated 
circuit 14A is shown atop the component package 14B. Arrayed around the periphery of 
the top of the component package 14B are conductive pads 60. The conductive pads 60 
are placed on the component package 14B to align with the pads 48 on the circuit board 
5 16 when the circuit board 16 is in place above the component 16. Manufacturing 

variations and skew between the circuit board 16 and the component 14 at insertion may 
prevent perfect alignment, but the pads 60 and 48 may nominally be designed to be 
aligned during use. Additionally, in some embodiments, the component 14 may include 
bypass capacitors 62 on the top of the component 14. 

10 

Fig. 5 is a side view of one embodiment of the power board 16. In the illustrated 
embodiment, a two layer board is used. The top layer may comprise a conductive plane 
64 that carries the V Co re voltage during use, and the bottom layer may comprise a 
conductive plane 66 the carries ground (Vss) during use. An insulating material 68 

15 separates the two planes. The conductive planes 64 and 66 may comprise any conductive 
material. For example, 2 ounce copper may form the conductive planes 64 and 66. Other 
embodiments may use other amounts of copper (e.g. 1 ounce, 4 ounce, etc.). The 
insulator material 68 may be any generally non -conductive material. For example, the 
insulator material 68 may comprise FR4 or prepreg material commonly used in printed 

20 circuit boards. In some embodiments, FR4 may be created from electrical alkali-free 
glass cloth that has been impregnated with an epoxy resin under pressure and heat. 

While Fig. 5 illustrates a 2 layer power board 16, other embodiments may include 
additional layers. For example, in some embodiments, the current requirements of the 
25 component 14 may be high enough that the I 2 R voltage drop across the single voltage 
plane 64 may cause too much variation in the V Co re voltage supplied at the pads 48 that 
are farthest from the connectors 24A-24B as compared to the Vcore voltage supplied at the 
pads 48 that are nearest the connectors 24A-24B. In such cases, additional layers may be 
used (separated by insulating materials) and a plurality of voltage planes may be created 



on each layer to supply V Co re voltage to various pads 48. The voltage planes may be 
designed to provide connectivity for each plane to an equal number of pins (for each 
plane) of the connectors 24A-24B that supply V Co re voltage, and to approximate 
equalizing the I 2 R drop across each of the planes. Thus, planes to farther pads 48 (farther 
from the connectors 24A-24B) may be larger, in area, than planes to closer pads 48 
(closer to the connectors 24A-24B). 

Figs. 6 and 7 illustrate a set of power planes for a four layer embodiment (2 layers 
Vcore and 2 layers ground). Power supply pins of the connectors 24A-24B that are 
coupled to each plane are filled in, as shown in Figs. 6 and 7, for one embodiment. The 
pads are divided into eight zones, illustrated as rectangular boxes labeled A through H. 
Fig. 6 illustrates planes for zones A, B, G, and H (enclosed by dashed lines and labeled A 
plane, B Plane, G Plane, and H plane, respectively). Similarly, Fig. 7 illustrates planes 
for zones C, D, E, and F (enclosed by dashed lines and labeled C plane, D Plane, E Plane, 
and F plane, respectively). The ground planes may be arrange similarly, or may be solid, 
single planes per layer. 

The above embodiment included a component 14 having power and ground pads 
on a top of the component package 14B. In such embodiments, vias within the 
component packet 14B couple the power and ground pads to power and ground planes 
within the package 14B (which supply power and ground to the integrated circuit 14A). 
These vias are typically smaller than vias in printed circuit boards, and are often referred 
to as "microvias". The microvias may themselves have current limits that may be 
exceeded by the current requirements of the integrated circuit 14A. To eliminate the 
microvias, another embodiment is contemplated in which power and ground pads are 
provided on the sides of the component package 14B. The pads may be inserted far 
enough into the sides of the component package 14B to directly contact the power and 
ground planes in the interior of the component package I4B. The pads may be made 
relatively large, and thus may have higher current capabilities than the microvias. 
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Fig. 8 is a top view of one embodiment of the component 14 having power and 
ground pads 70A-70H on the sides of the component package 14B. Signal pins may still 
be provided on the bottom of the component 14, similar to the embodiment of Figs. 1-7. 
5 Additionally, while one integrated circuit 14A is shown, other embodiments may include 
more than one integrated circuit in a component 14. 

In the embodiment illustrated in Fig. 8, each side of the component 14 may 
include a pair of pads 70A-70H: one power (Vc 0 re) and one ground (V$s) pad. Other 

10 embodiments may include more than two pads on each side, if desired. Still other 

embodiments may include only one pad per side (either a power or ground pad). In yet 
another embodiment, one side may include a power pad and the opposite side may 
include a ground pad, and the other two sides may not include any pads. Adjacent pads 
moving around the periphery of the component 14 may have the opposite voltage 

15 assignments (that is, one pad may be assigned to V Co re 5 the next to V S s, etc.). The pads 
70A-70G are shown extending into the component package 14B (dotted portion of each 
pad), so as to make contact with the power and ground planes within the component 
package 14B. 

20 Fig. 9 is a side view of the component package 14B, illustrating the power (Vc or e) 

and ground (V S s) pads 70 A and 70B, for example. As illustrated in Fig. 9, each pad may 
cover approximately Vi of the side, except for a small amount of clearance around each 
pad. 

25 The pads 70A-70H may be formed of any conductive material. In one 

embodiment, the pads 70A-70H may be a beryllium-copper alloy. While generally any 
mixture of beryllium and copper may be used, in some embodiments a beryllium content 
of about .25% to 2.0% by weight may be used. In other embodiments, copper may be 
used to form the pads, or any other conductive material may be used. 
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Fig. 10 illustrates a block diagram of one embodiment of the power board 16, the 
component 14, and the spring connectors 18. The embodiment of Fig. 10 may be used in 
the embodiment of Fig. 1 in a manner similar to the like numbered components of Fig. 1. 
5 In the illustrated example, the pads 70A and 70F are shown on each side of the 

component package 14B. A cross section of the component package 14B is also shown, 
including power planes 80 and ground planes 82. The power planes 80 make electrical 
connection with the pad 70A, while the ground planes 82 may electrical connection with 
the pad 70F. As mentioned above, in one embodiment, the component package 14B may 
10 comprise a circuit board having layers of conductors and insulating material to connect 
the pins 14C to the integrated circuit 14A (the signal layers are not shown in Fig. 10). 
Additionally, the planes 80 and 82 may be layers that may be used to supply power supply 
voltage (Vcore) and ground (V S s) to the integrated circuit 14A. 

15 Each of the planes may be designed to permit electrical connection with the pads 

70A-70H assigned to the voltage for that plane and to remain insulated from the pads 
70A-70H assigned to the other voltage. Since each side includes a pad for each type of 
voltage in the present embodiment, the power planes 80 and the ground planes 82 may be 
as shown in Fig. 11. The pads 70A-70H are shown in dotted form for reference. Other 

20 embodiments may differ, depending on the number and arrangement of side pads. Vias to 
permit signal connection through the planes 80 and/or 82 may be provided, in some 
embodiments. Such vias are not shown in Fig. 11. 

Spring connectors 18 may be used to electrically couple the component 14 and the 
25 power board 16. However, in the embodiment of Fig. 10, the spring connectors may 
apply a more horizontal compression onto the pads 70A-70H, rather than a vertical 
compression such as is shown in Fig. 1. Exemplary spring connectors, for example, may 
be obtained from Laird Technologies. In other embodiments, an essentially permanent 
connection (e.g. soldering) may be made, if desired. 
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It is noted that, in some embodiments, a "collar" may be placed around the 
component 14 and in proximity to the component 14, to compress the spring connectors 
18 against the pads 70A-70H. Such compression may increase the contact surface of the 
5 connectors 18 against the pads 70A-70H. In some embodiments the collar, when viewed 
from above, may have a "self-alignment" feature comprising an inclined plane shape 
sloping toward the pads 70A-70H. Thus, as the connectors 18 are pushed into contact 
with the pads 70A-70H, the collar forces the connectors 18 into close proximity with the 
pads 70A-70H and may force more contact surface between the connectors 18 and the 
10 pads 70A-70H by applying compressive pressure to the connectors 18 in the direction of 
the pads 70A-70H. 

The spring connectors 18 may comprise one connector that contacts substantially 
all of the length of the corresponding pad 70A-70H, or may comprise multiple connectors 

15 (e.g. one per pad on the power board 16), each of which contacts the corresponding pad 
70A-70H. It is noted that, while the pads 48 on the power board 16 as shown in Figs. 2 
and 3 were described as alternating, among adjacent pads, between power and ground, the 
pads 48 may be arranged differently for the embodiment of Fig. 10. The pads above each 
pad may continuously be either power or ground, depending on whether the pad is a 

20 power or ground pad. Thus, the pads along any given edge of the ring of pads shown in 
Fig. 3 may comprise one half power and one half ground, with each type of pad grouped 
together on either end of that edge. Furthermore, in other embodiments, the power and 
ground pads on the power board 16 may be similar in length to the pads on the 
component 14, and there may be fewer such pads, if desired. 

25 

While two power planes 80 and two ground planes 82 are shown in Fig. 10, other 
embodiments of the component package 14B may include more of each plane, or only 
one of each plane, as desired. It is noted that, while power and ground pads 70A-70H are 
shown on each of the sides of the package 14B in the embodiment of Figs. 8-11, other 
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embodiments may include pads on some of the sides and not others, as desired. 

Numerous variations and modifications will become apparent to those skilled in 
the art once the above disclosure is fully appreciated. It is intended that the following 
5 claims be interpreted to embrace all such variations and modifications. 
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